1ntroduction.-The possibility of low-cost thin film photovoltaic c e l l s using amorphous silicon (a-Si) based alloys has generated an intense amount of interest in the past few years. Previously, we have reported on the properties of a-Si :F:H alloy (1,2) as a useful photovoltaic material. W e also reportea an overall device conversion efficiency of 6.3% over an active area of 0.042 cm2 (3) . In t h i s paper we consider the level of reproducibility that has been obtained and i a t e s t data on MIS (metal -insulator-semiconductor) devices which have yielded conversion eff iciencies of 6.6% over a much larger active area.
Photovoltaic Properties of a-Si:F:H Alloy.-In previous publications we have reported t h a t an a-Si:F:H alloy with a low density of states and a high photoconduct i v i t y can be fabricated using the radio frequency glow discharge of mixed SiF4 and H2 gases (1, 2) . W e have also shown that t h i s type of material can be doped easily by introducing small amounts of PH or AsH3 in the gas phase t o obtain conductivi- 
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Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:1981497 Figure 1 shows a typical dark current densi ty-v01 tage (J-V) characteristics for forward and reverse bias. W e note t h a t the rectification r a t i o a t 0.5V bias i s about 105. The dark diode ideality factor for the device i s n = 1.2. W e have previously shown (4) that the value of n i s dependent on the oxide layer thickness ( i . e . , f o r 6 = 0 (corresponding t o a native oxide) n = 1.05 and f o r 6 = 30 A : n = 1.2) and can be interpreted in terms of a low surface s t a t e density.
The cell response under simulated AM-1 illumination exhibits the following characteristics: Voc = 0.8V, Jsc = 12.9 mA cm-2, FF = 0.61, yielding an overall conversion efficiency of 6.3% over an active area of 0.042 cm2.
The presence of the insulator enhances the open c i r c u i t voltage, V, , , due t o the suppression of the majority carrier (electron) current without any effect on the minority carrier (holes) density which constitutes the short-circuit current. This is shown in Figure 2 Since performing the above work ( 3 ) , Gutkowicz-Krusin e t a1 (5) have suggested t h a t the introduction of the insulator could also enhance the J , primarily a t the blue end of the spectrum, due t o the reduction i n the thermal dfffusion of electrons against the e l e c t r i c f i e l d . The above data, shown in Figure 2 (b) ,indicates t h a t J,= i s possibly enhanced. Figure 3 shows the spectral response of a cell with and without the insulator. W e note t h a t the spectral response of the cell i s improved toward the blue end of the spectrum when an insulator i s introduced in agreement with Gutkowicz-Krusin e t a l ' s suggestion. 
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WAVELENGTH ("m) Fig. 3 : R e l a t i v e c o l l e c t i o n e f f i c i e n c y f o r devices w i t h and without t h e i ns e r t i o n o f an i n s u l a t i n g l a y e r . I n Figure 5 , we show t h e o v e r a l l conversion e f f i c i e n c y f o r l a r g e r area devices. The t o t a l area o f the device i s 0.81 cm2 and has u t i l i z e d a g r i d p a t t e r n (Ag), and t h e a c t i v e area i s 0.73 cm2, which was used i n t h e c a l c u l a t i o n t o o b t a i n t h e o v e r a l l conversion e f f i c i e n c y . We note t h a t the e f f i c i e n c i e s , w i t h a n t i r e f l e c t i o n coating, for these large-area devices i s the same as f o r the small areas. The best efficiency obtained i s 6.6% with the following characteristics, Voc = 0.88V, Jsc = 13.1 mA cm-2, FF = 0.57., Recently, Hamakawa (6) has reported t h a t a conversion efficiency of 7.1% over an area 0.033 cm2 has been obtained, using glass/ITO/Si:C/a-Si:H/n+/Al structure i n which the f i l l factor was 0.65. I t i s therefore interesting to note that with a similar f i l l factor, the active area efficiency for our best device would be 7.5%. Indeed, when the illumination intensity i s decreased, the f i l l fact o r in our devices does improve which suggests a sheet resistance effect coming into play. Therefore, the lower f i l l factor in our devices i s not a materials problem, but a simple technological problem which should be easily remedied. Conclusion.-In summary, we have shown that high efficiency, large-area c e l l s can be reproducibily made using a-Si:F:H alloy.
